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ENZYME LINKED OLIGONUCLEOTIDE ASSAYS 

(ELONAS) 

FIELD OF INVENTION 

Described herein are methods for performing a novel immunoassay 
employing nucleic acid ligands as capture and/or detector molecules. The method 
utilized herein for identifying and preparing said nucleic acid ligands is called 
SELEX, an acronym for Systematic Evolution of Ligands by Exponential 
enrichment. The invention includes high-affinity nucleic acid ligands which bind 
to various targets which can act as capture molecules and/or detector molecules in 
a sandwich type ELISA format for the detection of targets in biological fluids, cell 
culture media and industrial processes and further determination of the target 
quantity found in the substance. Specifically disclosed are assays wherein nucleic 
acid ligands to human vascular endothelial growth factor (VEGF), human 
chorionic gonadotropin (hCG) and human thyroid stimultating hormone (hTSH) 
are used to capture and/or to detect the captured target compound. 

BACKGROUND OF THE INVENTION 

A method for the in vitro evolution of nucleic acid molecules with highly 
specific binding to target molecules has been developed. This method, Systematic 
Evolut,on of Ligands by Exponential enrichment, termed SELEX, is described in 
United States Patent Application Serial No. 07/536,428, entitled "Systematic 
Evolution of Ligands by Exponential Enrichment", now abandoned, United States 
Patent Application Serial No. 07/714,131, filed June 10, 1991, entitled "Nucleic 
Acid Ligands", United States Patent Application Serial No. 07/93 1 473 filed 
August 1 7, , 992, entitled "Nucleic Acid Ligands", now United States Patent No 
5,270,163 (see also PCT/US91/04078), each of which is herein specifically 
incorporated by reference. Each of these applications, collectively referred to 
herein as the SELEX Patent Applications, describes a fundamentally novel 
method for making a nucleic acid ligand to any desired tarset molecule 
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The SELEX method involves selection from a mixture of candidate 
oligonucleotides and step-wise iterations of binding, partitioning and 
amplification, using the same general selection scheme, to achieve virtually any 
desired criterion of binding affinity and selectivity. Starting from a mixture of 
nucleic acids, preferably comprising a segment of randomized sequence, the 
SELEX method includes steps of contacting the mixture with the target under 
conditions favorable for binding, partitioning unbound nucleic acids from those 
nucleic acids which have bound specifically to target molecules, dissociating the 
nucleic acid-target complexes, amplifying the nucleic acids dissociated from the 
nucleic acid-target complexes to yield a ligand-enriched mixture of nucleic acids, 
then reiterating the steps of binding, partitioning, dissociating and amplifying 
through as many cycles as desired to yield highly specific, high affinity nucleic 
acid ligands to the target molecule. 

The basic SELEX method has been modified to achieve a number of 
specific objectives. For example, United States Patent Application Serial No 
07/960,093, filed October 14, 1992, entitled "Method for Selecting Nucleic Acids 
on the Basis of Structure", describes the use of SELEX in conjunction with gel 
electrophoresis to select nucleic acid molecules with specific structural 
characteristics, such as bent DNA. United States Patent Application Serial No. 
08/123,935, filed September 17, 1993, entitled "Photoselection of Nucleic Acid 
Ligands" describes a SELEX based method for selecting nucleic acid ligands 
containing photoreactive groups capable of binding and/or photocrosslinking to 
and/or photoinactivating a target molecule. United States Patent Application 
Serial No. 08/134,028, filed October 7, 1993, entitled "High-Affinity Nucleic 
Acid Ligands That Discriminate Between Theophylline and Caffeine", describes a 
method for identifying highly specific nucleic acid ligands able to discriminate 
between closely related molecules, termed Counter-SELEX. United States Patent 
Application Serial No. 08/143,564, filed October 25, 1993, entitled "Systematic 
Evolution of Ligands by Exponential Enrichment: Solution SELEX", describes a 
SELEX-based method which achieves highly efficient partitioning between 
oligonucleotides having high and low affinity for a target molecule. United States 
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Patent Application Serial No. 07/964,624, filed October 21, 1992, entitled 
"Methods of Producing Nucleic Acid Ligands" describes methods for obtaining 
improved nucleic acid ligands after SELEX has been performed. United States 
Patent Application Serial No. 08/400,440, filed March 8, 1995, entitled 
"Systematic Evolution of Ligands by Exponential Enrichment: Chemi-SELEX", 
describes methods for covalently linking a ligand to its target. 

The SELEX method encompasses the identification of high-affinity 
nucleic acid ligands containing modified nucleotides conferring improved 
characteristics on the ligand, such as improved in vivo stability or improved 
delivery characteristics. Examples of such modifications include chemical 
substitutions at the ribose and/or phosphate and/or base positions. 
SELEX-identified nucleic acid ligands containing modified nucleotides are 
described in United States Patent Application Serial No. 08/1 17,991, filed 
September 8, 1993, entitled "High Affinity Nucleic Acid Ligands Containing 
Modified Nucleotides", that describes oligonucleotides containing nucleotide 
derivatives chemically modified at the 5- and 2'-positions of pyrimidines. United 
States Patent Application Serial No. 08/134,028, supra, describes highly specific 
nucleic acid ligands containing one or more nucleotides modified with 2'-amino 
(2'-NH 2 ), 2"-fluoro (2'-F), and/or 2 , -0-methyl (2'-OMe). United States Patent 
Application Serial No. 08/264,029, filed June 22, 1994, entitled "Novel Method of 
Preparation of 2' Modified Pyrimidine Intramolecular Nucleophilic 
Displacement", describes methods for making various 2'-modified nucleosides. 

The SELEX method encompasses combining selected oligonucleotides 
with other selected oligonucleotides and non-oligonucleotide functional units as 
described in United States Patent Application Serial No. 08/284,063, filed August 
2, 1994, entitled "Systematic Evolution of Ligands by Exponential Enrichment: 
Chimeric SELEX" and United States Patent Application Serial No. 08/234,997. 
filed April 28, 1994, entitled "Systematic Evolution of Ligands by Exponential 
Enrichment: Blended SELEX", respectively. These applications allow the 
combination of the broad array of shapes and other properties, and the efficient 
amplification and replication properties, of oligonucleotides with the desirable 
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After waging, a detector molecule is added to react with the targe, to f orm a 
capture molecuJertargetcompIex.de.ectormolec^e complex. Finally the 
detection system (an enzyme-.inked to the detector molecule) indicates that an 
mteraction has occurred and the complex has been formed. The amount of 
detector molecule bound in the complex is subsequent* measured by addition 
of a substrate for an enzyme which develops a color when hydrolyzed 
Commoniy used enzymes are horseradish peroxidase or alkaline phosphatase 
The target or antigen is, thus, "sandwiched" between the two layers of 
molecules, traditional* antibodies. This technique is employed in an ELISA 
procedure and is adaptable to the ELONA procedure described herein 
In addition to antibodies, oligonucleotides are also being used in 
d.agnos,ics, bu, in a different manner. Sequence information of oligonucleotide 
probes is used to specifically target genomic complementary base sequences in 
techniques such as Southern blotting, * si,u hybridization and polymerase-based 
amplications. However, information stored in an oligonucleotide is no, being 
generally used ,o de,ec, non-nucleic acid molecules. The information content 
(hnear sequence) of nucleic acids rehes on Watson/Crick base pairing and can 
only discriminate among DNAs. However, r e,y ing on coment 
(three-dimensional structures), nucleic acid ligands can be used in diagnostic 
applications for any type of target. Before SELEX, the structural content of 
nucletc acids was essentially no, appreciated and mere was no wav to utilize the 
structural capabilities of nucleic acids. 

The use of nucleic acid ligands i„ diagnostic ^ ^ ^ ^ 
beheved ,o depend on antibody recognition has not been demonstrated so far The 
present mvention demonstrates that a SELEX-derived oligonucleotides tha, 
b,nd with high affinity to human VEGF, hCG and hTSH can replace the 
■radmonal use of an antibody in a sandwich ELISA format 



10 



15 



20 



25 



30 



WO 96/40991 

PCT/US96/07439 

6 

SUMMARY OF INVENTION 

The present invention includes methods of performing novel 
immunoassays employing nucleic acid iigands. More specifically, the present 
invention includes a novel sandwich-type Enzyme-Linked Oligonucleotide 
Assay (ELONA) procedure employing novel nucleic acid Iigands as the 
capture and/or detector molecules. 

The present invention provides a method for detecting the presence of a 
target compound in a substance which may contain said target compound 
comprising a) exposing a substance which may contain said target compound 
to a capture molecule capable of binding to said target molecule; b) removing 
the reminder of said substance from said capture molecule.-target molecule 
complex; c) adding to said capture molecule:target molecule complex a 
detector molecule capable of binding to said target molecule; and d) detecting 
said capture molecule.-target molecule.detector molecule complex; wherein 
said capture molecule, detector molecule or both are a nucleic acid ligand to 
said target molecule. 

More specifically, the ELONAs of the present invention are useful for 
detecting VEGF, hCG, and hTSH. 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 shows typical standard curves obtained for VEGF detection by 
ELONA in either a defined binding buffer or using tissue culture media [DME 
high glucose, 10% fetal bovine serum (FBS)]. 

Figure 2 shows hCG detection by ELONA. Solid bars represent the 
results obtained with the full-length H-42 RNA ligand (SEQ ID NO- 2) to 
capture hCG. Stippled bars show the results obtained with an antibody-based 
commercial assay for hCG detection. Open bars and the vertical lines indicate 
the results obtained with a nonspecific biotinylated ssDNA to capture hCG and 
hLH, respectively. Horizontal lines indicate the results obtained with 
H-42-attached wells to detect hLH. The detector molecule was a horseradish 
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peroxidase labeled anti-hCG antibody from a commercial kit obtained from 
BioClin. 

Figure 3 shows hTSH detection by ELONA. Stippled bars represent the 
results obtained with the T-15 RNA ligand (SEQ ID NO: 3) to capture hTSH. 
Solid bars show the results obtained with a commercially available 
antibody-based ELISA assay (BioClin) for hTSH detection. The absorbance 
values shown were background corrected. 

DETAILED DESCRIPTION OF THE INVENTION 

This application describes the use of high-affinity nucleic acid ligands 
to various targets in immunoassay protocols. Nucleic acid ligand is defined 
herein as a non-naturally occurring nucleic acid having a specific binding affinity 
for a target molecule, such target molecule being a three dimensional chemical 
structure other than a polynucleotide that binds to the nucleic acid ligand through 
a mechanism which predominantly depends on Watson/Crick base pairing or 
triple helix binding, wherein the nucleic acid ligand is not a nucleic acid having 
the known physiological function of being bound by the target molecule. In the 
preferred embodiments, the nucleic acid ligand is a single stranded nucleic acid 
ligand. 

In the preferred embodiment, the nucleic acid ligands are identified 
through the method known as SELEX. SELEX is described in U.S. Patent 
Application Serial No. 07/536,428, entitled Systematic Evolution of Ligands by 
Exponential Enrichment, now abandoned, U.S. Patent Application Serial No. 
07/714,131, filed June 10, 1991, entitled Nucleic Acid Ligands, United States 
Patent Application Serial No. 07/931,473, filed August 17, 1992, entitled 
Nucleic Acid Ligands, now United States Patent No. 5,270,163, (see also 
PCT/US9 1/04078). These applications, each specifically incorporated herein 
by reference, are collectively called the SELEX Patent Applications. 

In its most basic form, the SELEX process may be defined by the 
following series of steps: 
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1) A candidate mixture of nucleic acids of differing sequence is 
prepared. The candidate mixture generally includes regions of fixed sequences 
(i.e., each of the members of the candidate mixture contains the same 
sequences in the same location) and regions of randomized sequences. The 
fixed sequence regions are selected either: (a) to assist in the amplification 
steps described below, (b) to mimic a sequence known to bind to the target, or 
(c) to enhance the concentration of a given structural arrangement of the 
nucleic acids in the candidate mixture. The randomized sequences can be 
totally randomized (i.e., the probability of finding a base at any position being 
one in four) or only partially randomized (e.g., the probability of finding a base 
at any location can be selected at any level between 0 and 100 percent). 

2) The candidate mixture is contacted with the selected target under 
conditions favorable for binding between the target and members of the 
candidate mixture. Under these circumstances, the interaction between the 
target and the nucleic acids of the candidate mixture can be considered as 
forming nucleic acid-target pairs between the target and those nucleic acids 
having the strongest affinity for the target. 

3) The nucleic acids with the highest affinity for the target are 
partitioned from those nucleic acids with a lesser affinity to the target. 
Because only an extremely small number of sequences (and possibly only 
molecule of nucleic acid) corresponding to the highest affinity nucleic acids 
exist in the candidate mixture, it is generally desirable to set the partitioning 
criteria so that a significant amount of the nucleic acids in the candidate 
mixture (approximately 5-50%) are retained during partitioning. 

4) Those nucleic acids selected during partitioning as having the 
relatively higher affinity to the target are then amplified to create a new 
candidate mixture that is enriched in nucleic acids having a relatively higher 
affinity for the target. 

5) By repeating the partitioning and amplifying steps above, the newly 
formed candidate mixture contains fewer and fewer unique sequences, and the 
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average degree of affinity of the nucleic acids to the target will generally 
increase. Taken to its extreme, the SELEX process will yield a candidate 
mixture containing one or a small number of unique nucleic acids representing 
those nucleic acids from the original candidate mixture having the highest 
affinity to the target molecule. 

The SELEX Patent Applications describe and elaborate on this process 
in great detail. Included are targets that can be used in the process; methods 
for partitioning nucleic acids within a candidate mixture; and methods for 
amplifying partitioned nucleic acids to generate an enriched candidate mixture. 
The SELEX Patent Applications also describe ligands obtained to a number of 
target species, including both protein targets where the protein is and is not a 
nucleic acid binding protein. 

SELEX provides high affinity ligands of a target molecule. This 
represents a singular achievement that is unprecedented in the field of nucleic 
acids research. Affinities of SELEX-derived nucleic acid ligands often lie in 
the same range observed with structurally large monoclonal antibodies. 

In one embodiment, it is preferred that the nucleic acid ligand (1) binds 
to the target in a manner capable of achieving the desired effect on the target; 
(2) be as small as possible to obtain the desired effect; (3) be as stable as 
possible; and (4) be a specific ligand to the chosen target. In most situations, 
it is preferred that the nucleic acid ligand have the highest possible affinity to 
the target. 

Until recently, the design and production of biopolymers capable of 
molecular recognition has been mainly limited to proteins (antibodies). However, 
SELEX allows the identification of nucleic acid sequences that recognize target 
molecules with high affinity and specificity. This process is faster than the 
generation of monoclonal antibodies and does not require the use of animals as 
required to generate antibodies. Once the sequence of a high-affinity ligand is 
identified, the material can be chemically synthesized in large quantities. This is a 
definite advantage over processing and storage of antibody-producing cell lines. 



WO 96/40991 

PCT/US96/07439 

10 

Additionally, specific md ^ nuc]ejc g 

.o the types of information ^ cm „ fom 
apphcatron. Clearly, ^ge, compounds ^ " gnos,lc 
5 be found using «. newprocedure ^ ' *-« -» 

be utilized for a IT T e " are m ° ,eCUk ° f ^ nU * c - id - y 
Thn, • nt3in 3 Sm S le s P ecif ""> binding site 

iok nr _ • _ u ^ De re P"cated in many 

laboratories and, unlike antibodies win k. ... 

F„„i, .,. ,. anntxxues, W1 I1 have the same binding properties 

Further, the oligonucleotides can be easilv „ • 

but other equally useful moie, '° """"k "™ ^ ^ 

q "y^Imcefessuchasfluorochromes such as fluoresce! 
nutasotopes such as phosphorous 32 ^P, „ fluoresce, 

* digoxygenin and peptides The va " ^k^ 0 ' " 

available reporter J^T I f **» 

will bmd to nucleic acid Iigands, but will not bind 



sin, 
or 



"*DOClD:<wo WU0WlAt> 



«VO 96/40991 



PCT/US96/07439 



11 



to antibodies. Examples of such compounds are small molecules that cannot be 
conjugated to larger proteins to illicit an immune response in mice or rabbits such 
as glucose, and catecholamines such as epinephrine, norepinephrine and 

a-3-deoxy-Z.-manno-octulosonic acid (a trisaccharide specific for Chlamydia 
organisms). 

Furthermore, due to the smaller size (compared to antibodies), nucleic acid 
hgands are expected to be effective in intracellular staining, i.e., nucleic acid 
ligands can be used in detecting the expression of target molecules at the cellular 



level 



Often, immunoassays are in a sandwich-type format. In a sandwich assay, 
typically, a capture molecule is attached to a solid support. A substance which ' 
may contain a target compound is applied and allowed to react with the capture 
molecule. After washing, a detector molecule is added to react with the target 
and the detection system indicates that an interaction has occurred. The target 
or antigen is, thus, "sandwiched" between the two layers of molecules, 
traditionally antibodies. This technique is employed in an ELISA procedure 
and is adaptable to the ELONA procedure described herein. Unless used in a 
homogeneous detection assay, such as fluorescence anisotropy, most widely used 
sandwich assays are based on the binding of two molecules, a detector molecule 
and a capture molecule, to an analyte or target. 

The present invention provides a method for detecting the presence of a 
target compound in a substance which may contain said said target compound 
comprising a) exposing a substance which may contain said target compound 
to a capture molecule capable of binding to said target molecule; b) removing 
the remainder of said substance from said capture molecule rtarget molecule 
complex- C ) adding to said capture moiecule:tar g et molecule complex a 
detector molecule capable of binding to said target molecule; and d) detectine 
sa,d capture molecule-target molecule rdetector molecule complex; wherein " 
said capture molecule, detector molecule or both are a nucleic acid ligand to 
said target molecule. 
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The capture molecule and/or the detector molecule must be a nucleic 
acid ligand to fall within the scope of the present invention. However, it is not 
required that both the capture molecule and the detector molecule be nucleic 
acid ligands. The ability of nucleic acid ligands to bind a target simultaneously 
with anti-target antibodies allows the development of a sandwich assay in which 
the nucleic acid ligand can be used as a capture and an anti-target antibody or a 
nucleic acid ligand can be used as a detector. In another embodiment, the nucleic 
acid ligand can be used as the detector molecule, with either a nucleic acid ligand 
or an antibody being used as the capture molecule. When either the capture 
molecule or the detector molecule is not a nucleic acid ligand it can be an 
antibody or other molecule that has specific recognition for the target 
molecule. In the most preferred embodiment of the invention, both the capture 
molecule and the detector molecule are nucleic acid ligands. 

The capture molecule must bind to the target molecule to form a capture 
molecule:target molecule complex. The detector molecule must also bind to the 
target molecule, but additionally must comprise a detection system wherein a 
capture moleculertarget molecule.detector molecule complex can be identified 
The detector molecule comprises a detection system which comprises a wide array 
of known chemical entities. The detection system can be an enzyme, a 
fluorophore, a radiolabel, etc. The various detection systems are well known to 
those skilled in the art. In the preferred embodiment, the detector molecule 
comprises an enzyme. 

The attachment of a suitable detection system such as an enzyme or a 
fluorophore to nucleic acid ligands is not a potential problem and in some cases 
(fluorophores) they can be attached during the chemical synthesis of the ligand 
itself. The use of bioluminescent and chemiluminescent substrates allows the 
detection of AP concentrations in the 10"M0" M range. The sensitivity of this 
assay can be further increased by using bioluminescence or chemiluminescence 
when nucleic acid ligands are attached to alkaline phosphatase (AP). 
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In another embodiment, the detection system can be PCR amplification of 
the nucleic acid ligand which is a part of the capture moleculertarget 
molecule:detector molecule complex. PCR amplification methods are well known 
to those skilled in the art. In this embodiment, the PCR primers used for 
amplication can also comprise various reporter molecules. The reporter molecules 
can be enzymes, biotins, or other known reporter groups. 

The preferred use of the ELONAs of the present invention is for the 
detection of target compounds for the clinical diagnosis of physiologic 
conditions, the immunoassays will most frequently be contacted with a 
substance which may contain a target compound. The substance is usually a 
biological material which may or may not contain the target compound of 
interest. Such biological materials include blood, plasma, serum, sputum, 
urine, semen, cerebrospinal fluid, bronchial aspirate, and macerated tissue. 
The ELONAs of the present invention are useful for both human and 
veterinary diagnostics. Other samples which may be assayed with the 
ELONAs of the invention include foods and environmental discharges such as 
liquid wastes. 

In Example 1, an RNA ligand with specific high affinity for hVEGF 
was used in a sandwich-type ELONA procedure. The assay described herein 
was performed using, as the capture molecule, a monoclonal antibody against 
hVEGF (R&D systems) bound to the solid surface of a microtiter plate. For 
the detector molecule, a hVEGF-binding biotinylated nucleic acid ligand was 
used. After a final incubation with alkaline phosphatase labeled streptavidin, 
signal was generated using a chemiluminescent alkaline phosphatase detection 
system (Tropix, Inc. (Bedford, MA)). The practical minimum detection limit 
for VEGF was 4 picomolar and the relative standard deviation ranged from 1 
to 10%. Standard curves can be performed in a defined buffer, tissue culture 
media or plasma. The results obtained compare favorably to other published 
VEGF ELISA's demonstrating that SELEX derived ligands represent a viable 
alternative to the use of antibodies in clinical assays. 
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In Examp.es 2 and 3, an RNA ligand with Wgn ^ for hCQ or 
reSPeCtiVe,y ' WaS a sandwich-type ELONA procedure The 

T^ d rT d herein was perfo,med ^ - «■» - 

or hTSHnucleic acid ligand which was conjugated t „ biotin ^ bound t0 the 
surface of a St re P , a vidi„-coa t ed microtiter p,a,e. For the detector molecule, an 
hCG-specflc or hTSH-speciflc detector antibody iabel.ed with horseradish 

peroxidase was used. 
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K vtUJ-), which is incorporated herein by 
reference. J 

A- Materials anH iV/Mifrrh 

Light emission was measured with a Berthold (Nashu, ^ LB 

» Wnomete, emission from individua, wells was integrated ov r , 
-cond Lummescen. levels were obtained three times with Ave minute 
intervals between readings. The set with rh. h k , ■ 

Microtia „,„ n ■ * e «'ght emission was used. 

Mtc^ter plates (Lum.no Combiplate 8, were obtained from Labsystems 
(Needham Heights, MA). systems 
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CSPD, Sapph,re" enhancer and the 

~ m iA ™*- m ^ **- *» ^ **, (Bedford M,, 
The detect reagent consisted of a selex derived R^ 

5--ACCCTGATGOTAOACOCCGGG-3.,S E QIDNO: ,) This 
oligonucleotide (VEGF-NeXamer) specific^ binds ,o VEGF 

*E2F^« Recombinant human VEGF and «he ra onoc,o„a, 

anti-human VEGF antibody (clone- 265IM in ,. . 

" v cl °ne. 26503. 11) were obtained from R&D 
Systems (Minneapolis, MN). 

Coating buffer pH 9, consisted of 0.012S M N a 2 C0 3 and .035 
MNaHC0 3 . Blocking buffer containing 5 g* ^ (Tropix , 
^ each week and consisted of phosphate buffered saline (PBS) pi 7 \ T 

^^-Caseina-Bloc,, Wash buffer was the same as bC 
b ffer except it ^ 500 ^ ^ 

2; )and2 ^ I " b ' OCk - A ™-asma d eaccordin g to 
manufacturers recommendation (Tropix, Inc., and consisted of 0 1 M 
diethanolamine, 1 mM MeCl, anH n cno/ ^ 

mMTris-HCl„ H 7, ,/„ TBS ™* ™de as 20 

* ' ' I40mMSOdi " m ^and2.7mMpotassium 



B. ET.OM4 Prnr^irp 

All assay procedures were nprfnrm^ * 

Performed at room temperature. Wells were 

buffer (150 n J ?! *" by addition ° f b '°*ng 

buffer (150 w .I-block; Tropix) to me weHs for a, least 1 hour A.tema,' , 
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according to the manufacturers' recommendations. After the blocking step, the 
wells were washed once with wash buffer (100 M l) followed by the addition of 
serially diluted VEGF standards and test samples appropriately diluted in either 
wash buffer, rat plasma or tissue culture media. Following a one to four hour 
incubation, the wells were washed two or three times with wash buffer (150 
//1/well) and 50 A of a 400 nM solution of Biotinylated VEGF-NeXamer in 
wash buffer was added to each well. After a one hour incubation, the wells 
were washed as before except with TBS. Alkaline Phosphatase conjugated 
streptavidin (50 ^well; 1:1000 dilution in TBS) was then added and allowed 
to incubate for 30 to 60 minutes. Following a final wash as previously 
described with IX TBS, each well received 100 M l of enhancer/substrate 
(Tropix) solution prepared according to the manufacturer's recommendation. 
After a 20 minute incubation in the dark, the chemiluminescence was 
determined. 

Data were fit to a four-parameter logistic equation: 

Y=Bottom + [(Top - Bottom)/! + 1 o (L °s EC50 - xxHiiisiope)] 

using GraphPad Prism (GraphPad Software; San Diego, CA). Each replicate 
was considered individually and convergence was obtained when two 
consecutive iterations varied the sum of squares (actual distance of the points 
from the curve) by less than .01%. 

Figure 1 shows typical standard curves obtained in either a defined 
binding buffer or usingtissue culture media (DME high glucose, 10% FBS). 
Using defined binding buffer conditions the hill slope had a mean value of 1 .84 
with a 95% confidence interval of 1.61 to 2.07 (N=6). The EC S0 values had a 
mean of 2.5 x lO'' 0 molar with a 95% confidence interval of 3.3 x 10' 10 molar 
to 1.9 x 10-'° molar. 

The assay was also performed several times (n=5) using a slight 
modification of the protocol described in the materials and methods. In this 
protocol the plate was blocked using Superblock (Pierce Chemical Company) 
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were 



according ,o the manufacturer's recommendations. In addition all washes „„. 
performed using only TBS containing .05% tween 20. Under these conditions 
the hill slope (mean 2.0; 95% confidence interval; 1.7 to 2.3) and the EC 
(mean 2.36 x 10- molar: 95% confidence interval 2.5 x 10-° M to 2 23 x 10-° 
M.) did no. differ signified from me v ^ ^ ^ ^ ^ 

The mean va.ues for the hill siope and EC S0 for assays performed in binding 
buffer containing pooled rat sera, also did no. differ significant* from the 
numbers obtained in either of the defined buffer conditions. In fact, this assay 
has been used successfully to quantify the VEGF levels produced by A673 
cells m culture (data no. shown). The r value for the curve is typically 0 99 
under all conditions described and the limit of detection for human VEGF 

varted between 4 and 30 picomolar depending upon .he individual assay 

Inmal Error analyses have been performed using defined buffers To 

accomplish mis each of me nine dilutions of the standard curve were randomly 

distnbuted on a microtia plate revealed an intra-assay relative standard 

deviations as low as 5% could be achieved. 



Examp le ? 

hCG ,s a g.ycopro,ein which sUmula.es the production of progesterone 
during the early phase of pregnancy. Although the presence of elevated levels 
of hCG is widely used as a marker for pregnancy, hCG levels can also be sued 
for other clinical applications. Abnormally low serum levels of hCG are often 
observed in individuals prone to spontaneous abortions. Changes in hCG 
levels during pregnancy may indicate ectopic pregnancies, whereas 
significant high levels of hCG in the very early stage of pregnancy may help 
■n detecting multiple pregnancies. hCG levels are also known .o be reliable 
markers for tropob.astic rumors and testicular carcinoma. A SELEX-derived 
nucleic acid ligand which binds hCG as described in concurren.lv filed patent 
apphcation entitled "High Affinity Oligonucleotide Ligands to Chorionic 
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Gonadotropin Hormone and related Glycoprotein Hormones," can act as a 
capture molecule in a sandwich-type ELONA assay. 
A. Materials «r.H MefhnHc 

Many of the materials and methods are similar to those employed in 
Example 1 and 3. 

hCfiantihodyppd^ tip n ^ , ,, The hCG-sr^ific monoclonal antibody 152 
and ELISA kit for hCG detection were purchased from BioClin. 
CaiOr^makcHle. An RNA ligand tha, bind S to hCO with high affinity was used 
as the capture molecule. The RNA ligand was identified as described in 
concurrently filed patent application entitled "High Affinity Oligonucleotide 
Ligands to Chorionic Gonadotropin Hormone and related Glycoprotein 
Hormones", which is incorporated herein by reference in its entirety. The 
RNA ligand was termed H-42 and had the following sequence S'-GGGAGGAC 

GAUGCGGACAAGGGCCUGAGUGUGGAGGGCACGUGGAGGGGACUGG 
CCAGACOACUCGCCCGA-3. (SEQ ID NO: 2). All cosines and undines are 
modified a. the 2'-posi,ion with an NH 2 group in place of the OH group The 
RNA hgand was derivatized with ODP-b-S a. the 5'-end were synthesized by 
transcription /„ vino in a reaction mixture containing a 10-fold excess of GDP-b-S 
over OTP (from Calbiochem). RNA was ge, purified, .suspended in ,00 * 
tnethylanunoruum acetate buffer (pH 7.5), and reacted with a ten-fold excess of 
DTT at 37 °C for 30 nun. DTT-treated RNA was then incubated with 100-fold 
excess of iodoacetyl-LCbiotin (from Pierce Chemicals) in dimethyl formamide 
for two hr a. 37 »C. The excess unreacted iodoacetyl-LC-biotin was inactivated 
by reacting with ,0 mM DTT. The biotinylated RNA was separated from the 
unreacted iodoacetyl-LC-biotin by flowing through an Ultrafree-MC fiher (30 xD 

CU " ° ff; Mi " ip0re> - mA «— <■ ™ *e filter was washed with TEM buffer 

and recovered. 
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IL ELONA Proc^rim-P 

Biotinylated RNA in TEM buffer (~ 0.5-1 nmole/200 M L per well) was 
incubated in streptavidin-coated 96 well microliter plates (from BioCIin) for 1-2 
hr at ambient temperature. Unbound RNA was removed by washing the wells 
with several volumes of TEM buffer. The wells were then blocked with 1% 
polyvinyl alcohol in TEM. The appropriate solution containing either control 
hormone solution or test solution was added to the RNA-coated wells and 
incubated for 2 hr. The unbound hormone was removed by washing several times 
with TEM buffer containing 0.05% Tween-20. Horseradish peroxidase 
(HRP)-labeled detection antibody from the hCG detection kit (ELISA kit from 
BioCIin) was added and the subsequent steps were performed according to the 
manufacturer's instructions. The absorbance at 450 nm was determined in a 
Biotek plate reader. 

Figure 2 shows a comparison of the results obtained with an RNA-based 
sandwich assay (stippled bars) and an antibody-based commercially available 
assay kit (solid bars). As in the commercial kit, the intensity of color generated in 
the RNA-based assay is directly proportional to the amount of hCG added, 
indicating that the RNA ligand serves well as a capturing ligand. With some 
optimization of the assay, the RNA-based ELONA allowed the detection of hCG 
down to 200 mlU (340 pM) in TEM buffer. However, with hCG-spiked urine 
samples gave high background, suggesting that additional optimization of the 
assay may be required. Due to the specificity of the detector antibody, neither test 
generated a good positive signal when hLH was used in place of hCG (bars with 
vertical and horizontal stripes). No detectable signal was observed when a 
nonspecific ssDNA sequence biotinylated at the 5'-end was used as a control (open 
bars). 



Example 3 
hTSH FT ON A 

hTSH is a glycohormone whcih stimulates the synthesis of thyroid 
hormones. Measurements of serum hTSH levels are important in the diagnosis of 
both pituitary and thyroid disorders such as hyperthyroidism and hypothyroidism. 
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A SELEX-derived nucleic acid ligand which binds hTSH as described in 
concurrently filed patent application entitled "High Affinity Oligonucleotide 
L lg ands to Chorionic Gonadotropin Hormone and related Glycoprotein 
Hormones" can act as a capture molecule in a sandwich-type ELONA assay. 

A. Material *r>d MethnHc 

Many of the materials and methods are similar to those employed in 
Exampies 1 and 2. Deoxyoligonueleotides were synthesized by standard 
cyanoethyl phosphoramidite chemistry. 2'-NH 3 -modi fl ed UTP and CTP were 
synthesized by known methods. hTSH (M=27,700; 9IU (International 
Unitsymg); hLH (M,=35,500), hFSH (M =38,250) were from Becton 
Dtclonson (Research Triangle Park, NC). hCG (M,=42,000; 14,000 ID/mg) 
was from Vitro Diagnostics (Littleton, CO). An ELISA kit for hTSH detection 
and ant-hTSH monoclonal antibody (done 1 83) were purchased from BioClin 
Inc. (St. Louis, MO). The a-subuni, (M,=14,900) and the b-subuni, 
(m,=30,000) of hTSH were obtained from Calbiochem (Lalolla, CA, 
Cartels An RNA ligand that binds to hTSH with high affinitv was used 
as the capnjre molecule. The RNA ligand was identified as described in 
concurrently filed paten, appHcation entitled "High Affinity Oligonuc.eotide 
L.gands to Chorionic Gonadotropin Hormone and related Glycoprotein 
Hormones", which is incorporated herein by reference in its entirety The 
RNA hgand was term T-15 and had the following sequence 5'-OGGAGGACG 

AUGCOGAUGUUGGCAGCAGGGUCCGACGGCGUAACCUUGCCAGCUG 
CAGACGACUCGCCCGA-3. (SEQ U> NO: 3, A„ cytosines and uridines are 
mod.f,e d a, the 2,posi,ion with an NH, group i„ place of the OH ^ The 

RNA hgandwas derivatized with GDP-b-S a, the 5'.e„d were synthesized by 
—notion *, i„ . reaction ^ ^ a , 0 _ ftid ^ ^ 
over GTP (from Calbiochem) RNA -„.i. , 

, ., . , was gel purified, resuspended in 1 00 mM 

<ne*y ammonium acetate buffer (pH 7.5), and reacted with a ten-fold excess of 
TT at 37 C for 30 min. DTT-treated RNA was men incubated with 100-fold 
excess of iodoacety.-LObiotin (from Pierce Chemicals) in dimethyl formamide 
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for two hr at 37 °C. The excess unreacted iodoacetyl-LC-biotin was inactivated 
by reacting with 10 mM DTT. The biotinylated RNA was separated from the 
unreacted iodoacetyl-LC-biotin by passing through an Ultrafree-MC filter (30 kD 
MW cut off; Millipore). RNA retained on the filter was washed with TEM buffer 
and recovered. 

IL ELONA Procedure 

Biotinylated RNA in TEM buffer was incubated in streptavidin-coated 96 
well microtiter plates (~ 0.5-1 nmole/200 M L per well) for 1-2 hr at ambient 
temperature. Unbound RNA was removed by washing the wells with several 
volumes of TEM buffer. The wells were then blocked with 1% polyvinyl alcohol 
in TEM. hTSH, suspended in TEM buffer, was added to the RNA-coated wells 
and incubated for 2 hr. The unbound hormone was removed by washing several 
times with TEM buffer containing 0.05% Tween-20. Horseradish peroxidase 
(HRP)-labeled detection antibody from the hTSH detection kit (ELISA kit from 
BioClin) was added and the subsequent steps were performed according to the 
manufacturer's instructions. The absorbance at 450 ran was determined in a 
Biotek plate reader. The control antibody-based ELISA was performed according 
to the manufacturer's instructions. 

Figure 3 shows a comparison of the results obtained with an RNA-based 
sandwich assay (stippled bars) and an antibody-based commercially available 
assay kit (solid bars). The RNA-based ELONA provided signals that were 
analogous to those seen with the commercially available antibody-based ELISA, 
indicating that nucleic acid ligand T-15 functions well as a capture molecule for 
hTSH. 
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SEQUENCE LISTING 
(D GENERAL INFORMATION: 

(i) APPLICANT: DROLET, DAN 

JAYASENA, SUMEDHA 
GOLD, LARRY 

<il) TITLE OF INVENTION : ENZYME LINKED OLIGONUCLEOTIDE 

(iii) NUMBER OF SEQUENCES : 3 

(iv) CORRESPONDENCE ADDRESS- 

(A) ADDRESSEE: Swanson & Bratschun t t r> 

(B) STREET: 8400 E PrentH™ a C " 

(O CITY: Englewood " AVSnUe ' Suite 200 

(D) STATE: Colorado 

(E) COUNTRY : USA 

(F) ZIP: 80111 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Diskette 3 i /o ^ ■ , 

(B) COMPUTER: IBM pc c^^ ^ ™ 

(C) OPERATING SYSTEM: MS-DOS 

(D) SOFTWARE: WordPerfect 6 0 
(VI) CURRENT APPLICATION DATA- 

(b! ?tt P t^ ATI0N mJMBE ^' PCT/US96/ 

IB) FILING DATE: ~ — — 

(C) CLASSIFICATION- 
(vii) PRIOR APPLICATION DATA- 

(A) APPLICATION NUMBER : 08/487 425 
.(B) FILING DATE: 07-JDNE-1995 
(via) PRIOR APPLICATION DATA- 

(A) APPLICATION NUMBER: 07/714 131 
<B) FILING DATE: 10-JUNE-1991 
(via) prior APPLICATION DATA- 

(A) APPLICATION NUMBER: 07/536 428 

(B) FILING DATE: ll-JUNE-1990 
(vii) PRIOR APPLICATION DATA- 

(A) APPLICATION NUMBER: 07/964 624 

(B) FILING DATE : 21-OCTOBER-1992 
) PRIOR APPLICATION DATA- 

(A) APPLICATION NUMBER: 08/234 997 

(B) FILING DATE: 28 -APRIL- 199^ 
ATTORNEY /AGENT INFORMATION - 

(A) NAME: Barry j. Swanson' 
REGISTRATION NUMBER- 3 3 215 

t<J C L REFERENCE /DOCKET NUMBER; NEX3 7 /PCT 
(ix TELECOMMUNICATION INFORMATION 
A) TELEPHONE: (303) 793-3333 ' 

(B) TELEFAX: (303) 793-3 433 
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(2) INFORMATION FOR SEQ ID NO : 1 : 

(i) SEQUENCE CHARACTERISTICS: ' 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 
(ix) FEATURE: 

(D) OTHER INFORMATION: All C's ar P ^ - • 

(ix) FEATURE: 2 _NH2 cytosxne 

(D) OTHER INFORMATION: All U's are 2 < -NH ura .n 
(XX) SEQUENCE DESCRIPTION: SEQ ID NO - 1 
ACCCTGATGG TAGACGCCGG G " ' 

21 

(2) INFORMATION FOR SEQ ID NO : 2 • 

(i) SEQUENCE CHARACTERISTICS : " 

(A) LENGTH: 71 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 
(ix) FEATURE: 

(D) OTHER INFORMATION: All C's a r« ™ _ 

(ix) FEATURE • S 2 _NH 2 cytosxne 

SSSSSE f CCUGAGUG DGGAGGGCAC « 

71 

(2) INFORMATION FOR SEQ ID NO: 3- 

(i) SEQUENCE CHARACTERISTICS-' 

(A) LENGTH: 71 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: RNA 
(ix) FEATURE: 

(D) OTHER INFORMATION: All C's are 2' mh /-> <- • 
(ix) FEATURE: ~ NH2 c yt°sine 

(D) OTHER INFORMATION: All U's ar e ?. ntu 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO • 3 * UraCl1 

" £££££ A GGCAGCAGGG UCCGACGGCG U — G - 50 

71 
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CLAIMS 

1 • A method for detecting the presence of a target compound in a substance 
which may contain said target compound comprising: 

a) exposing a substance which may contain said target compound to a 
capture molecule capable of binding to said target molecule; 

b) removing the remainder of said substance from said capture 
molecule:target molecule complex; 

c) adding to said capture molecule.target molecule complex a detector 
molecule capable of binding to said target molecule; and 

d) detecting said capture molecule:target molecule: detector molecule 
complex; 

wherein said capture molecule, said detector molecule or both are a nucleic acid 
ligand to said target molecule. 

2. The method of claim 1 wherein said detector molecule comprises an 
enzyme linked to said detector molecule. 

3. The method of claim 2 wherein said detection is accomplished by addition 
of a substrate which said enzyme can hydrolyze and produce a measurable color. 

4. The method of claim 2 wherein said enzyme is selected from the group 
consisting of horseradish peroxidase, alkaline phosphatase, and b-galactosidase. 

5. The method of claim 1 wherein said capture molecule is bound to a solid 

carrier. 



6. The method of claim 1 wherein said target molecule is 



a protein. 



7- The method of claim 6 wherein said protein is selected from the group 
consisting of VEGF, hCGandhTSH. 
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8. The method of claim 1 wherein said substance is a biological fluid. 

9. The method of claim 8 wherein said biological fluid is selected from the 
group consisting of blood, plasma, serum, sputum, urine, semen, cerebrospinal 
fluid, bronchial aspirate, and macerated tissue. 

10. The method of Claim 1 wherein said detection is achieved by PCR 
amplification of said nucleic acid ligand. 

1 1 . The method of Claim 1 0 wherein the primers used for PCR amplification 
further comprise reporter groups. 

12. The method of Claim 1 1 wherein said reporter groups are selected from the 
group consisting of biotin and enzymes. 

13. A method for detecting the presence of a target compound in a substance 
which may contain said target compound comprising: 

a) identifying a nucleic acid ligand from a candidate mixture of 
nucleic acids, said nucleic acid ligand being a ligand of said target compound, by 
the method comprising: 

i) contacting the candidate mixture with said target 
compound, wherein nucleic acids having an increased affinity to said target 
relative to the candidate mixture may be partitioned from the remainder of the 
candidate mixture; 

ii) partitioning the increased affinity nucleic acids from the 
remainder of the candidate mixture; 

iii) amplifying the increased affinity nucleic acids to yield a 
ligand-enriched mixture of nucleic acids; and 

iv) identifying said nucleic acid ligand; 

b) exposing a substance which may contain said target compound 
to a capture molecule capable of binding to said target molecule; 
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c) removing the remainder of said substance from said capture 
moleculertarget molecule complex; 

c) adding to said capture molecule.-target molecule complex a detector 
molecule capable of binding to said target molecule; and 

d) detecting said capture moleculertarget moleculerdetector molecule 
complex; 

wherein said capture molecule, said detector molecule or both are a nucleic 
acid ligand to said target molecule identified by the method of step (a). 
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